Introduction
COPD is one of the major causes of morbidity and mortality in the world. It is estimated that COPD will become the third leading cause of death worldwide by 2020, up from the sixth leading cause of death in 1990. 1 The disease is characterized by acute exacerbations that often require hospitalization. 2 Exacerbation is the main issue affecting morbidity and mortality. 3 COPD mortality rates range from 15% to 54% and are higher in patients who are hospitalized due to acute exacerbations. 4 Different factors correlate with mortality associated with COPD exacerbation. 2 
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Duman et al COPD is characterized by chronic inflammation of the airways and lungs. 6 Studies have shown that frequently neutrophilic, and to a lesser extent eosinophilic, inflammation occur in COPD exacerbations. 7, 8 Sputum and peripheral blood eosinophil (PBE) counts (2%-3%) can be seen in 10%-25% of COPD exacerbations; 3, [8] [9] [10] [11] however, the effect of PBE on survival in patients with COPD exacerbation is not clear.
Recent studies have investigated the usefulness of neutrophil-to-lymphocyte ratio (NLR), 12 mean platelet volume (MPV), and platelet-to-MPV ratio (PLT/MPV) as new inflammatory markers. 13, 14 Relationships between NLR and prognosis in lung cancer, colorectal cancer, and acute coronary syndrome have been shown in many studies. [15] [16] [17] MPV has been identified as an inflammation marker in some chronic inflammatory diseases, and an inverse correlation between disease activity and MPV has been demonstrated. [18] [19] [20] Despite these findings, there are limited data about the utility of using NLR, 13 MPV, and PLT/MPV for predicting COPD exacerbation outcomes. 6 Knowledge of clinically meaningful predictors of mortality and poor outcome is crucial for guiding patient management decisions. 2 In the present study, we hypothesized that the presence of PBE (eosinophils . 2%) and a lower NLR could be a predictor of a better long-term outcome after hospital discharge in COPD patients with acute exacerbation. We also aimed to evaluate the effect of PLT/MPV as another inflammatory marker of COPD outcome.
Methods
A retrospective observational cohort study was conducted at Chest Diseases and Thoracic Surgery Teaching and Research Hospital, Istanbul, Turkey, between January 1, 2014 and November 1, 2014. This is the largest chest disease hospital of the country. The study protocol was approved by the Hospital's local ethics committee and was in accordance with the Declaration of Helsinki. All data were collected retrospectively from the hospital database. Due to the retrospective nature of the study design, informed consent was not obtained.
Patients
Patients previously diagnosed with COPD by a pulmonology specialist, recorded according to the International Classification of Diseases (ICD) 10 with codes J44, J44.0, J44.1, J44.8, J44.9, and who were hospitalized were included in the study.
COPD patients hospitalized for specific (secondary) causes such as pneumonia, lung cancer, interstitial pulmonary disease, asthma, bronchiectasis, and active pulmonary tuberculosis were excluded. Each patient was enrolled in the study only once at their initial hospitalization. Subject inclusion is summarized in Figure 1 .
Definitions COPD
The COPD diagnosis was established by a pulmonologist who evaluated airflow obstruction on spirometry (ie, forced expiratory volume in 1 second #70% predicted and an forced expiratory volume in 1 second and forced vital capacity ratio #70%) in patients with compatible history. 1 
COPD exacerbation
The exacerbation of COPD was defined as acute change in a patient's respiratory symptoms that is beyond normal variability, and that is sufficient to warrant a change in therapy. 1 The most common cause of COPD exacerbation is respiratory tract infections, other causes are also defined as follows:
• Infections: for a diagnosis of infectious COPD exacerbation, criteria were an increase in dyspnea, increase in sputum quantity, and purulence. 1, 21 In addition, the patient's ICD code was 44.0.
• Other causes: other causes of COPD exacerbations as defined by the ICD coding system are arrhythmia: (I47, I48, I49, I49.8, I49.9) heart failure: (I50, I50.0, I50.9, I11.0) pleurisy: (J91, J94.8, J94.9) pneumothorax: (J93.1, J93.8) pulmonary embolism: (I26, I26.0, I26.9).
• Peripheral eosinophilia: COPD exacerbation with a PBE count higher than 2% was defined as an eosinophilic COPD exacerbation. If the eosinophil count was equal or less than 2%, it was defined as a non-eosinophilic COPD exacerbation. 9, 11 The cutoff value of PBEs has been determined as 2% for identifying a sputum eosinophilia of greater than 3% with a sensitivity of 90% and specificity of 60% during COPD exacerbation. 9, 11 • NLR: a new marker of inflammation 12 was determined by dividing the absolute count of neutrophils by the number of lymphocytes in the complete blood count.
• MPV and PLT/MPV: MPV is an early marker of platelet activation during inflammation and thrombocytosis.
14 Abnormal platelet count may be an important marker as an indication of systemic inflammatory response, 22 and it is easily calculated from complete blood count data. Readmission was defined as repeat hospitalization for the treatment of COPD exacerbation within 6 months of discharge.
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Measurements
Electronic data were collected from the hospital database. Patients' characteristics, comorbid diseases, hemogram parameters, NLR, PLT/MPV, CRP levels, biochemistry values on admission and discharge, long-term oxygen therapy (LTOT), steroid use, length of hospitalization (days), readmissions, and mortality were recorded. Spirometry values and microbiological data of patients could not be recorded because of the lack of electronically available spirometry test data.
Total leukocyte, neutrophil, eosinophil, lymphocyte, and platelet counts and MPV were determined using a Coulter LH 780 Hematology Analyzer (Beckman Coulter Inc., Brea, CA, USA). CRP was checked by the nephelometry method with a BN II System (Siemens, Munich, Germany). The normal range of CRP is 0-5 mg/L.
COPD patients have nearly similar pre-hospital and current hospital treatment as based on national and international guidelines. 1 The COPD exacerbation treatment protocol of the hospital was 40 mg of intravenous prednisolone per day, nebulized bronchodilators (inhaled salbutamol and ipratropium bromide), antibiotics, and supplemental oxygen.
Comorbidities such as diabetes mellitus, hypertension, heart failure, arrhythmia, chronic ischemic heart disease, chronic renal failure, anemia, and anxiety/depression were recorded.
COPD patients were divided into two groups according to their PBE status: Group 1, eosinophilic (PBE .2%) and Group 2, non-eosinophilic (PBE #2%). The recorded parameters were compared between the two groups. Readmissions and mortality were recorded during a 6-month follow-up after hospital discharge.
statistical analysis
Descriptive analysis was used to investigate patient demographics and clinical data. Groups were compared with Mann-Whitney U-tests for nonparametric continuous variables or Student's t-tests for parametric continuous variables. Chisquare tests were employed for dichotomous variables. The median with interquartile range was employed for nonparametric continuous variables, and mean ± standard deviation was used for parametric continuous variables. Count and percentage were used when applicable. Patient survival after hospital discharge was evaluated by Kaplan-Meier survival analysis. Long-term mortality risk factors were analyzed with the Cox regression model. We included the variables that were statistically significant following univariate analyses of survival 
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Results
A total of 1,704 patients were assessed including 351 patients with eosinophilic COPD (Group 1, PBE .2%) and 1,353 patients with non-eosinophilic COPD (Group 2, PBE #2%). The eosinophilic group included 20% of all patients. Table 1 shows the demographics, comorbidities, LTOT, hemogram, and biochemistry values and inflammatory biomarkers on admission. The majority of patients in both groups were male and older than 65 years. Comorbidities and LTOT were similar in both groups. Leukocyte count, neutrophil %, monocyte %, lymphocyte %, eosinophil %, and basophil % were significantly different in both groups. The non-eosinophilic group also had significantly higher 
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COPD exacerbation by peripheral eosinophil leukocyte count, neutrophil %, blood glucose, blood urea nitrogen, and serum creatinine. CRP and NLR were significantly higher in the non-eosinophilic group on admission. PLT/MPV values were similar in both groups. Table 2 shows hemogram, biochemistry values, inflammatory biomarkers measured immediately before hospital discharge, steroid use during hospitalization, and length of hospital stay. Compared to admission values, leukocyte count and neutrophil % had decreased in both groups, but the noneosinophilic group still had significantly higher leukocyte count, neutrophil %, blood glucose, blood urea nitrogen, and serum creatinine. The length of stay was significantly shorter in the eosinophilic group. It was 6.6 (4.6-8.0) days in the eosinophilic group and 7.0 (5.5-9.0) days in the noneosinophilic group (P,0.001). Steroid use during hospitalization was higher in the non-eosinophilic patients.
After discharge from the hospital, all patients were followed-up for 6 months. The readmission rate was significantly higher in the non-eosinophilic patients.
Readmission within 6 months was one (0-3) for the eosinophilic and two (0-4) for the non-eosinophilic group (P,0.01). We also assessed the number of exacerbations per patient per year and this was found to be 0.61 (95% confidence interval: 0.58-0.64) in the non-eosinophilic group and 0.48 (95% confidence interval: 0.43-0.53) in the eosinophilic group. Table 3 shows the factors affecting readmission and mortality in the 6-month follow-up period. Readmission rates were higher in the non-eosinophilic patients but the mortality rate was similar in both groups (14.2% and 15.2%, respectively). Higher CRP and NLR levels and a longer hospital stay were the factors that positively affected both readmission and mortality.
When the relationship between the use of steroids and readmission with mortality was evaluated, the readmission rate was found to be significantly higher, while mortality was lower, in patients receiving steroids. However, there was no difference between the eosinophilic and non-eosinophilic groups. Kaplan-Meier analysis showed that the survival rates of eosinophilic and non-eosinophilic COPD patients after hospital discharge were not significantly different (Figure 2) .
Using the data shown in Table 3 , we included eosinophilic or non-eosinophilic group, sex, heart failure, hypertension, steroid use, LTOT, CRP, NLR, length of hospital stay, and readmission within 6 months as parameters in the Cox regression model, and these risk factors are summarized in Table 4 .
CRP and NLR values were further stratified according to the values in Table 3 . Table 4 shows CRP and NLR as 19 mg/dL and 7, respectively. Kaplan-Meier survival curves show CRP and NLR categorized for 6 months survival for all patients (both the eosinophilic and non-eosinophilic groups). CRP .19 mg/dL and NLR $7 were negatively associated with longer survival, and both groups had similar survival curves. The association between CRP and NLR and survival is shown in Figure 3A -F.
Discussion
Our findings provide novel information related to patient survival and identify new biomarkers that can predict the outcomes of COPD patients with eosinophilic or non-eosinophilic exacerbations after hospital discharge. In the present study, hospitalization length and readmission were found to be longer and higher in non-eosinophilic patients, respectively. The 6-month mortality in COPD patients after hospital discharge was positively associated with an NLR $7, CRP values .19 mg/dL, and instances of readmission. However, COPD patients in the eosinophilic and non-eosinophilic groups showed similar behavior with respect to the level of inflammatory markers.
PBe and COPD exacerbation
Although traditionally viewed as a neutrophilic inflammation, eosinophilic airway inflammation can be seen in 10% to 25% of COPD exacerbations. 3, 23, 24 It has been shown that eosinophil numbers are increased in induced sputum and bronchial biopsies collected during exacerbations; however, PBE count is also a valid assessment. It offers an attractive biomarker for use in clinical practice as it is simple to measure, reliable, and widely available at the time of an exacerbation. 7, 11 The 2% threshold value is a sensitive marker of the presence of peripheral eosinophilia in COPD, as assessed by Bafadhel et al. 8 Twenty percent of our patients were found to be eosinophilic. PBE was previously shown to be associated with an increase in all-cause mortality in patients with airway disease and the general population. 25, 26 However, we found similar mortality rates in hospitalized patients with eosinophilic or non-eosinophilic COPD exacerbations. PBE counts can be used to direct systemic corticosteroid treatment during COPD exacerbation. 3, 11, 24 Targeting treatment to normalize sputum eosinophilia reduced the number of hospital admissions, and Saha and Brightling 27 suggested that controlling eosinophilic inflammation could modify disease progression and alter mortality. Clinically relevant exacerbation phenotypes (eg, eosinophilic and bacterial) can be identified with biomarkers including PBE and CRP. Further studies are needed to validate the use of these biomarkers for optimizing therapies in COPD exacerbations.
Inflammatory biomarkers in hospitalized patients with COPD exacerbation
CRP is a well-known inflammatory biomarker that can be used to identify bacterial COPD exacerbation phenotypes and predict prognosis and adverse outcomes. 3, [28] [29] [30] [31] We also found that CRP values were higher in noneosinophilic COPD exacerbations; notably, a CRP value .19 mg/dL was associated with a 1.5-fold increase in mortality.
NLR has attracted attention as a new inflammatory marker in different diseases because it is quick and cheap; it can be easily measured in routine complete blood count analyses. 6, 12 However, NLR is a little-known marker for assessing inflammation in COPD patients.
Gunay et al reported that NLR was positively correlated with CRP levels in COPD patients and found higher NLR values during acute COPD exacerbation compared with both stable COPD and healthy controls, 4.2, 2.0, and 1.7, respectively. 6 In this study, hospitalized patients with noneosinophilic COPD exacerbations had two times higher NLR values than their eosinophilic counterparts. NLR was also correlated with CRP, and the Cox regression model showed that NLR (.7) was associated with a greater mortality rate in the 6 months follow-up.
MPV is another new inflammatory marker that has been investigated in different chronic diseases. [18] [19] [20] Wang et al reported that COPD patients have lower MPV compared with healthy controls during exacerbation and in stable phases; moreover, they found that reduced MPV is positively related to white blood cell count and CRP levels in exacerbated COPD.
14 Their findings suggest that decreased MPV values support increased systemic inflammation during COPD exacerbation. 13 The present study is the first to assess MPV values in eosinophilic and non-eosinophilic exacerbations of 
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COPD exacerbation by peripheral eosinophil COPD. We found that PLT/MPV was similar between noneosinophilic and eosinophilic COPD and was not associated with mortality. However, we did find that a lower MPV value was associated with higher readmission rates.
length of stay, readmission, and mortality of hospitalized patients with COPD exacerbation
Hospitalizations for COPD exacerbations have increased significantly over the past 10 years. 32 In the USA, rates of hospital discharges from 2001 to 2012, emergency department visits from 2006 to 2011, and the 30-day readmission rate from 2009 to 2012 did not change significantly among patients with COPD. In contrast, significant reductions in length of stay were reported. 33 The authors reported a decline in mean length of hospital stay from 4.5 days in 2001 to 4.0 days in 2012 among hospitalized COPD patients. 33 In the current study, length of hospital stay was found to be longer in noneosinophilic COPD exacerbations than eosinophilic ones.
In a study by Garcia-Aymerich et al, where COPD patients were followed-up for 1.1 year, 63% of patients were readmitted at least once, and 29% died. 34 In another study, 54.8% of patients were readmitted at least once during the 1-year follow-up, and CRP was found to be an independent risk factor for predicting rehospitalization. 35 In the present study, the readmission rate per patient per year was found to be higher in non-eosinophilic patients compared with the eosinophilic group, and instances of readmission within the 6-month follow-up also appeared to contribute to mortality.
Higher CRP, NLR, longer hospital stay, and steroid use during hospitalization were found to be factors affecting readmission. Steroid use and higher readmission rates can be explained in those patients with severe COPD. However, lower mortality rates with steroid use may suggest that steroids are still an important anti-inflammatory treatment option in COPD. Readmission was found to be significantly lower in eosinophilic patients receiving steroids where steroid use was the first choice of treatment. Further investigations are required to guide treatment management.
Coleta et al stated that the first-year mortality in a cohort of patients with very severe COPD and receiving LTOT was 15.4%. 36 In a study by Gunen et al, half of all COPD patients hospitalized with acute exacerbations died within 3 years. 5 Despite these values, which factors influence survival in hospitalized COPD patients with eosinophilic or non-eosinophilic exacerbations are not clear.
In our study, the 6-month mortality following hospitalized COPD exacerbation was 15% and there was no significant difference between the eosinophilic and non-eosinophilic group. Higher CRP, NLR, and instances of readmission were factors that negatively affected survival. Further studies are needed to evaluate outcomes in COPD patients with eosinophilic and non-eosinophilic exacerbations.
Limitations of this study are its retrospective nature and the fact that patients were treated at a single center. Another shortcoming is that COPD severity and spirometry results were not recorded because there were no objective diagnostic test results on file.
Nevertheless, the results from a large, disease-specific study population assessed at the largest chest disease teaching and research hospital in the region provide valuable clinical information for assessing biomarkers of mortality in hospitalized COPD patients.
Conclusion
Non-eosinophilic patients who experience COPD exacerbations have poorer outcomes than eosinophilic patients. The inflammatory markers CRP and NLR are more likely to be elevated in non-eosinophilic COPD exacerbations. CRP levels .19 mg/dL and NLR levels $7 are associated with increased risk of mortality, so these patients should be followed-up closely. NLR levels can be more easily obtained than CRP in clinical practice, and it is a cheaper, quicker test. PLT/MPV does not appear to be a good predictor of inflammation in COPD exacerbations. These findings support the theory that PBE with low CRP and NLR values are associated with noninfectious COPD attacks and they are useful biomarkers for guiding management of COPD exacerbations including steroid treatment. More studies on this issue are needed to clarify the utility of these biomarkers.
